Article, see p 1888 B oth higher coronary artery calcification (CAC) scores and reduced cardiorespiratory fitness (CRF) are independently strong predictors of future cardiovascular events. CAC is a direct measure of coronary atherosclerosis, the cause of most cardiovascular events. CRF, often measured by exercise treadmill time, is an estimate of maximal oxygen uptake and a surrogate measure of cardiac stroke volume. Rearranging the Fick equation demonstrates that maximal oxygen uptake is the product of cardiac output (heart rate × stroke volume) and the arterial-venous O2 difference. Because heart rate is largely age-determined and the arterial-venous O2 difference varies little among healthy individuals, maximal oxygen uptake, and therefore CRF, are proxies for stroke volume and cardiac performance.
exercise groups: none, as well as low, moderate, and high activity groups. Subjects were also divided into those with zero CAC or 1 to 399 and ≥400 Agatston scores. As with Radford and colleagues' 1 report on cardiovascular disease events, exercise was most beneficial in the highest risk subjects. Exercise did not alter total mortality in subjects with no CAC, but among those with CAC values ≥400, the risk was 3.1-fold higher in the lowest in comparison with the highest exercise group.
These studies demonstrate that CAC is a powerful predictor both of cardiovascular events and total mortality. The annual risk of a cardiovascular event was only 0.1% in those with no CAC but almost 2% in those with values ≥400.
1 Similarly, the annual mortality was only 2% in those with no CAC, but almost 18% in those with values ≥400.
2 One would assume that the difference in mortality is attributable to cardiovascular deaths, but this is not specified. Nevertheless, the difference in cardiovascular events demonstrates the utility of CAC in deciding who requires aggressive cardiovascular risk factor management. CAC scoring is also helpful in reassuring some concerned patients with no CAC that they are at low cardiovascular risk and in convincing some high-risk but reluctant patients that aggressive risk factor modification is warranted. The low risk of no CAC must be taken in context, however, because the average follow up in these studies was only 8 1 and 9 2 years, a long time for a study, but a relatively short time in a lifetime. Consequently, even a zero CAC score may not obviate the need for risk reduction in individuals with high lipid levels or high total cardiovascular risk.
These studies are complementary in that Radford and colleagues 1 assessed the relationship of CRF to CAC whereas Arnson and colleagues 2 assessed the relationship of exercise activity to CAC. CRF improves with exercise, and especially with exercise training, so CRF is often assumed to assess physical activity levels, but other factors including genetic endowment likely affect CRF. Demonstrating that both CRF and reported exercise are associated with CAC strengthens the argument that physical activity is responsible for the relationship.
Both reports support the wealth of data suggesting that physical activity reduces cardiovascular disease risk. 3 In contrast, there are several recent studies suggesting that extreme amounts of endurance exercise increase coronary atherosclerosis and coronary artery calcification. Mohlenkamp and colleagues 4 examined coronary artery calcification in 108 men, >49 years of age, who had run >4 marathons, a 42-km foot race. Average CAC scores were lower in the runners than in sedentary men matched for age, but after adjustment for both age and Framingham risk score, there was more CAC in the runners. This could have been because the runners' healthy cardiovascular disease risk factors did not reflect their prerunning status and that their historical risk factors had contributed to their CAC. Other investigators using computerized tomographic angiography (CTA) have also demonstrated increased CAC and more atherosclerotic plaque in men who have run ≥1 marathon a year for 25 years, 5 master athletes, 6 and middle-aged competitive and recreational athletes. 7 The atherosclerotic plaque composition in the athletes is more calcified than in the less active controls. 6, 7 Densely calcified plaque appears to be more stable and less likely to produce acute cardiovascular events. Cardiovascular events increase with CAC score, but actually decrease with increased density of the calcification. 8 Consequently, the higher CAC scores in the athletes may indicate dense, stable plaque.
Why endurance athletes have more CAC is not clear. Exercise increases parathyroid hormone levels, 9 which could facilitate coronary calcification. Exercise could also increase atherosclerosis by increasing shear stress in the coronary arteries. CTA results from the Race Across America support the possibility that exercise actually increases atherosclerosis. 10 The Race Across America was a 140-day foot race in which runners ran 25.7 miles daily and rested 1 day weekly. CTAs were performed before and after the event in the 8 of 10 runners who finished the race. One woman and 3 men had CTAdocumented coronary atherosclerotic lesions before the race. Interestingly, coronary plaque volume increased in all 4 of these runners. The increase in plaque was attributable to increases in noncalcified plaque in 3 of these runners, and to a small increase in calcified plaque in the fourth. The fourth subject was the only 1 of the 4 who took a statin throughout the race. No lesions showed regression. None of the runners without prerace atherosclerosis developed detectable plaque. This study supports the possibility that extreme amounts of endurance exercise accelerates coronary atherosclerosis, but this is a small and unusual group of endurance athletes.
Such reports of increased atherosclerosis in extreme endurance athletes are interesting, and the possibility that extreme amounts of exercise accelerate atherosclerosis and CAC warrants additional investigation, but extreme amounts of exercise is not a public health problem. Too little physical activity is the primary exercise problem for the majority of Americans and for many of the world's population.
Consequently, clinicians should continue to advise patients to follow the US Department of Health and Human Services' recommendations that all individuals perform 150 minutes of moderate (such as brisk walking) or 75 minutes of vigorous (such as jogging) exercise weekly. 11 The present and other studies suggest that both doing too little exercise, 1 and possibly doing too much, 4-7 puts patients at risk.
